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INTRODUCTION 


This  report  describes  calibration  procedures 
and  results  for  two  types  of  instruments  commonly  used 
by  the  Coastal  Studies  Unit:  a  bidirectional  ducted  flow 
meter  .and  a  strain  gage  pressure  transducer.  These 
instruments  each  constitute  a  system  comprising  a  sensor 
head  which  issues  a  pulsating  signal,  and  a  control  box 
which  electronically  integrates  the  pulses  into  an 
analogue  voltage  which  is  then  recorded.  It  is  the 
response  characteristics  of  these  systems  as  a  whole 
that  are  examined  herein. 

There  are  two  models  of  the  flow  meter  system: 
'Version  1'  and  'Version  2'.  Whilst  Version  2  is 
generally  considered  in  this  report,  the  distinguishing 
response  characteristics  of  Version  1  are  described 
on  page  19. 

In  addition  to  the  calibrations,  data  analysis 
correction  procedures  and  limitations  are  also  described 
in  this  report. 

Both  the  flow  meter  and  transducer  systems  have 
been  physically  described  along  with  their  use,  and 
place  in  the  general  data  acquisition  system,  by 
Bradshaw  ot  al .  (1979;  attached  for  reference  as  an 

appendix) . 
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SECTION  1 


CALIBRATION  OF  DUCTED  IMPELLER  FLOWMETERS 


Abstract 


The  purpose  of  the  experiments  described  below  has 
been  to  calibrate  the  Coast'*  Studies  Unit's  ducted 
impeller  flowmeters . 

Tests  were  carried  out  for  linearity ,  frequency 
response,  and  the  effect  of  the  flow  meter  being  placed 
at  an  angle  to  the  flow. 

Methods  for  correction  of  spectra  and  time  series 
are  devised. 


Figure  1:  Experimental  setup.  The  pendulum  was 
started  from  rest  in  the  position  0  =  ©„  at  t  =  0. 
Instantaneous  values  of  0  were  measured  by  a  poten¬ 
tiometer  at  A,  and  instantaneous  flow  meter  veloci¬ 
ties  were  then  derived  from  u(t)  =  L 


Experimental  setup 


The  flowmeters,  placed  at  the  end  of  a  big  pendulum 
moved  through  still  water. 

The  instantaneous  angle  0  was  measured  by  a  potentio¬ 
meter  attached  to  the  pendulum  and  its  axle. 

The  pendulum  consisted  of  a  50  kg  weight  suspended 
on  a  inch  water  pipe.  The  period  of  oscillation  could 
be  changed  by  moving  the  weight  along  the  pipe  or  by 
changing  the  length  of  the  pipe.  In  this  way  periods 
between  2.5  and  5.5  seconds  were  obtained. 

The  lateral  stability  of  the  pendulum  did  not  cause 
problems.  Neither  did  flexing  of  the  pipe.  Waves  in  the 
water  tub  were  always  of  negligible  height  (less  than 
2  cm) ,  and  in  general  the  water  velocities  that  were  made 
visible  by  impurities  were  negligible  compared  to  the 
pendulum  motion. 


Determination  of  3(t) 


The  relation  between  the  output  voltage  P  of  the  po¬ 
tentiometer  and  the  angle  0  was  tested  over  the  total 
range  of  0.  The  goodness  of  fit  parameter  for  linearity 
was 

r  =  .99991 


so  0  can  be  regarded  as  a  linear  function  of  P. 

The  amplitude  0(t  )  related  to  an  extreme  voltage 
P(t  )  can  then  be  calculated  when  the  starting  angle  ©0 , 
the  starting  voltage  PQ  and  the  voltage  P  related  to 
0=0  are  known 


o 


The  Motion  of  the  Pendulum 


For  the  velocities  considered  1  m/s)  and  the 
actual  dimensions  of  the  flowmeter  5  cm)  one  would 
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expect  the  flow  around  the  flowmeter  to  be  turbulent  so 
that  the  notation  of  figure  1  the  motion  would  be  given 
by: 


“ff  +  KlLitlLdF  +  Mgo  =  0  (2) 

dt 


with  the  drag  coefficient  K  being  nearly  independent  of 
the  flow  speed  l^Q- 

This  equation,  which  is  itself  only  an  approximation 
(sin0=0  and  K^const) ,  cannot  be  solved  analytically. 
Instead  we  assume  that  the  motion  has  the  form 


0(t)  =  0(t)  cos  U)t 


(3) 


where  0(t)  is  the  instantaneous  amplitude  (in  radians) 
of  the  pendulum.  In  the  following  we  assume  that  @(t) 
varies  slowly,  or  more  precisely 

«  u>0  (4) 

so  that 

"Ht"  =  dF  ^  ® cos  ~  “  u)0sin  cot  (5) 


The  period  of  the  oscillation  and  thus  to  appeared  to 
be  independent  of  Q  ,  within  the  experimental  accuracy. 

With  -4@-  given  by  (5)  the  total  energy  of  the  pendu¬ 
lum  is: 


E  (t )  =  JsM(lu)0)2  (6) 


and  thus 


dE_  =  MlVedg  ^  (7) 

dt  dt  dt 


where  "  «  "  means  proportional  to. 
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The  drag  force  has  the  form 


Fp  a  Q2  |sin  utjsin  u)t 


(8) 


see  (2)  and  (5) .  And  thus  the  energy  dissipation  rate 
(velocity  times  drag)  is: 

dE  a  >  Isin  ajtl  sin2wt  (9) 

dt 


and  the  average  over  half  a  period  is 


cTe 

dt 


a 


3 

0 


(10) 


From  (7)  and  (10)  we  then  get  a  differential  equa¬ 
tion  for  the  decay  of  6  , 


0#  =  -  a  ©3  (11) 


where  a  is  a  constant. 

By  separation  of  the  variables  we  get 


jdfi. 

02 


odt 


(12) 


and  thus 


=  at  +  const 


(13) 


From  the  starting  conditions  0(o)  =  0  we  find 

the  integration  constant  and  the  final  expression  is: 


0 


+  at 


(14) 
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The  flow  velocity  through  the  flow  meter  is  approxi¬ 
mately 


u  =  Lw  0  sin  tot 


(15) 


so  for  the  decay  of  its  amplitude  U  we  get 


J, 

U 


1 

Lu)@0 


+  et 


(16) 


The  relation  (16)  can  only  be  expected  to  hold  when 
the  drag  coefficient  K  is  a  constant,  that  is  for  fully 
developed  turbulent  flow.  When  this  condition  is  not 
fulfilled,  the  measured  values  of  u  cannot  be  fitted 
perfectly  by  (16).  However  the  discrepancy  is  easily 
overcome  by  adding  a  small  second  order  term 


U"  =  8t  +  32t2 


see  figure  9. 


Frequency  Response 

The  output,  v  of  the  flow  meter  for  a  given  periodic 
input  U  sin  wt  may  be  written  as 


v ( t )  =  G  U  sin  oo  Ct- 6 )  (18) 


Where  G  is  the  gain  or  amplitude  reduction  and  6  is 
the  time  lag. 

In  general  G  and  5  may  depend  on  both  o.>  and  U.  How¬ 
ever  the  measurements  show  that  the  variation  with  U  is 
small,  see  figures  3  and  4.  That  is,  the  instruments  are 
linear . 

Figure  2  shows  how  the  time  lag  6  is  determined  from 
the  interval  between  a  6-zero-crossing  and  the  follow¬ 
ing  v-zero-crossing. 

The  gain  was  found  from  the  peak  values  V  of  v(t)  by- 
comparing  to  simultaneous  values  of  U  =  Lu©  . 
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U(t)  being  determined  from  (16)  or  (17). 

Each  run  gave  20-35  values  of  G  and  6,  depending 
on  the  damping  rate . 


Flow  meter  amplitude,  V 
[m/s] 

9  Run 9,  T.25S,  G=046‘004 
I  Run  13.  T.5  3l.  G  "0  69  *  0  05 


^  9  9  9 

9  9  9 

,99" 

'  9 


Velocity  amplitude  (L^-) 


Figure  3:  Comparison  between  real  velocities  and  flow 
meter  output.  The  instrument  appears  to  be  practically 
linear. 


6  [sec] 


x  Run  12,  T= 5-3  sec 
9  Run  9,  T=2*5sec 


Figure  4:  Time  lag  versus  velocity  amplitude.  6  is 
practically  independent  of  the  velocity  amplitude. 
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In  the  complex  formalism  a  simple  harmonic  velocity 
is  represented  by  an  exponential: 

u(t)  =  Ue^1"  =  U  ( cos  u'.t  +  i  sin  wt)  (20) 

of  which  only  the  real  part  U  cos  wt  is  given  physical 
meaning . 

For  a  flow  meter  with  gain  G  and  phase  lag  <t>,  the 
output  related  to  u(t)  is  then 


v(t)  =  GU  (cos  (cot-0)  +  i  sin  (ut-<J>)  }  (21) 


v  ( t )  =  GUe1  (u)t~!())  (22) 

v  ( t )  =  Ge~X<P  u  ( t )  (23) 

-  i  A 

The  factor  Ge  =  F(w)  is  called  the  frequency  res¬ 

ponse  function . 

The  solid  lines  in  figures  5  and  6  both  correspond 
to  a  frequency  response  function  given  by 


F(u) 


1 

1  +  i .  77to 


(24) 


which  is  seen  to  fit  the  experimental  data  very  well. 
From  equation  (24)  the  gain  and  phase  lag  can  be  deter¬ 
mined 


G  =  IF  ( oj )  j 


1 

/I  +  (,77u>rr 


4>  =  -arg  {F (u>)  } 


tan  ^ ( . 77w) 


The  position  of  F(w),  as  given  by  equation  (24) 
the  complex  plane  is  shown  in  figure  7. 


(25) 

(26) 


in 
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Figure  7:  The  frequency  response  function  F(o>)  describes 
a  semi  circle  as  <*>  goes  from  zero  to  infinity. 


Correction  of  Spectra 

The  analytical  expressions  (25)  and  (26)  can  be  used 
to  correct  energy  spectra,  obtained  with  these  flow  meters. 

If  the  observed  value  at  w  is  S1(u>),  then  from  (25) 
we  see  that  the  corrected  value  is 

S(u)  =  G'V  =  U  +  (.77a))2}S1  (27) 

and  if  the  observed  phase  angle  is  ^(w) ,  the  corrected 
value  is 


iMw) 


i^(w)  +  tan  ^(.77u)) 


(28) 
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Direct  correction  of  time  series 


Instead  of  correcting  the  spectrum  one  can  correct 
the  time  series  directly.  But  first  we  must  find  the 
equivalent  of  equation  (24)  in  time  domain. 

For  each  fourier  component  uy  of  the  input  velocity 
and  the  corresponding  output  v^  we  have 


v  =  F(tu)  u  (29) 

0)  to 

and  applying  equation  (24)  this  gives 

v  +  .77itoV  =  u  (30) 

to  to  to 


Now,  as  v  is  a  simple  harmonic  we  have 
itov  =  dvM  ana  thus 
w  dt 


v  + 

to 


(31) 


Since  this  equation  holds  for  every  fourier  component, 
and  differentiation  is  a  linear  operation,  it  holds  for 
the  total  velocity.  So  for  any  input  u(t)  and  output 
v(t)  we  have 


v  + 


u 


(32) 


This  leads  to  extremely  simple  correction  formulae 
for  discretely  measured  velocities  v(tm).  If  we  put 


and 


v(<W 


H  (v(t  ) 
m 


(33) 


dv 

~dt~ 


'm+Jj 


v  (t  )  -  v  ( t  ) 

- m±i_ _  m 

At 


(34) 
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where  At  is  the  time  step  length,  we  get 


u(t  .  ) 
m+V 


(0.5  +  ~r~ )  v 


At  m  +  1 


(0.5  -  ~ -)vm  (35) 

At  m 


and  with  a  step  length  of  one  second: 


u(tm+^ 


1 . 2  7v (t  .  .  ) 
m  + 1 


.  2  7v ( t  ) 
m 


(36) 


The  meaning  of  (35)  is  shown  in  figure  8  in  the  case 
of  a  sharp  crested  saw  tooth  input 

u  ( t )  =  1  -  0  <  t  <  10  (37) 


extended  periodically  beyond  the  points  t  =  0  and  t  =  10 . 

The  sampled  values  v(t  )  will  always  be  taken  from 
the  curve  "v(t)"  no  matter  "Hdhat  the  sampling  interval 
is.  This  curve  corresponds  to  equation  (38). 

However  the  corrected  values  u-^t)  and  u^ft)  give 
better  and  better  approximations  to  u(t)  with  decreasing 
sampling  interval.  This  is  because  (34)  is  a  better 
estimate  of  the  derivative^-  for  small  step  lengths,  At. 

In  general  the  multiplication 


v 


Id 


F  ( ll)  U 


(29) 


in  the  frequency  domain  corresponds  to  a  convolution  in 
the  time  domain. 

We  find  this  convolution  by  solving  (32)  with  res¬ 
pect  to  v, 

v(t>  =  [  ciT  08) 

(compare  with  Jenkins  and  Watts  (1968):  Spectral  Analysis 
and  its  Applications ,  p.35) 

This  shows  that  the  impulse  response  function  of  the 
system  is 
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U|/2(at=05sec) 


Figure  8:  Sampled  and  corrected  velocities 
of  a  saw  tooth  bore  of  10  seconds  period. 


Then  the  effect  on  measurements  are  as  shown  in 
figure  11.  ^ 

It  is  seen  that  the  observed  velocity  v/G  is  larger 
than  the  real  velocity  u,  and  also  that  v  lies  closer  to 
the  45°  line  than  u. 


Under  the  assumption  that  g(i^)  is  given  by  (41)  we 
can  correct  for  this  effect  in  the  following  way. 


Figure  11:  Real  and  measured  velocities  if  g(ij>)  is  given 
by  equation  (41). 


Solving  for  jg|  we  get: 


,  | v  /v  loos  10°  -  cos  80° 

8  |  =  tan  ^ ^  (44) 

sin  80°  -  | vy/vx I sin  10° 


IBI 

for 

V 

> 

0 

and 

V 

> 

0 

X 

y 

-1  6  | 

for 

V 

> 

0 

and 

V 

< 

0 

6  =  1 

X 

y 

(45) 

-|6[ 

+  180° 

for 

V 

X 

< 

0 

and 

V 

y 

> 

0 

lei 

+  180° 

for 

V 

< 

0 

and 

V 

< 

0 

X 

y 

When  8  is  known,  ju]  is  readily  found  from  (42)  or 
(43)  with  G  given  by  (25) . 

The  formulae  (44)  and  (45)  are  only  valid  for 


0.1  <|  v  /v  1  <.  10  (46) 

y  x 

Outside  this  range  8  is  undetermined.  We  only 
know  that 

|u|  =  v ^/G  and  |8|  <  10°  for  !vy/vxl  <  *1 

(47) 

|  u  |  -  Vy/G  and  |  6—90°  |  <  10°  for  lvy/vxl  51  10 
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Variability  between  Different  Flow  Meters 


Variation  of  frequency  response  between  flow 
meters  was  examined  using  the  pendulum  for  a  single  0O 
and  u)  (19°  and  2tt/5.5  rad/sec  respectively).  Only 
flows  parallel  to  the  axis  of  sensors  were  used. 

Tests  were  made  for  :  (1)  variation  in  experi¬ 
mental  replication,  (2)  variation  among  all  flow  meters 
with  a  single  control  box,  (3)  variation  due  to  initial 
swing  direction,  and  (4)  variation  among  control  boxes 
for  a  single  sensor. 

For  each  set  of  tests,  the  ratio  between  peak 
ranges  of  flow  meter  output,  V^  and  Pi  was  measured 
for  the  1st  -  2nd  and  15th  -  16th  peaks  in  the  series 
(i  =  1  and  i  =  15  respectively).  Since  the  system  is 
linear,  these  ratios  are  both  related  to  the  gain  by 


G 


kV./P- 

i  i 


where  k  is  a  constant  of  proportionality.  Therefore, 
it  also  provides  an  estimate  of  the  frequency  response 
through  equation  25. 

Voltages  and  P15  correspond  to  real  water 
velocity  amplitudes  of  approximately  2.0  m/s  and  0.4 
m/s  respectively.  Flow  meter  output  variability  was 
characterised  by  the  coefficient  of  variability 

c.  =  [Var  {Vi/P-jlP 

1  V . /P . 

1  1 


for  each  set  of  tests,  in  order  to  stress  the 
significance  of  the  variability  relative  to  output 
magnitudes . 


Test  Procedure  Variability 

Outputs  were  recorded  on  strip  chart  (Rikadenki 
Model  KA-42H) .  The  .5  mm  limit  of  reading  for  measure¬ 
ments  taken  from  these  records  resulted  in  coefficients 
of  variability  of  .3%  for  i  =  1  and  1.2%  for  i  =  15. 

Experimental  replicability  showed  variabilities 
of  =  .6%  and  Cj_5  =  2.7%.  Assuming  independence 
between  variances  resulting  from  measurements  taken 
from  the  chart  record  and  that  for  the  test  apparatus, 
the  total  variability  inherent  in  the  test  procedure 
is  therefore  =  .5%  and  0^5  =  2.4%. 
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Variability  between  flow  meters  for  a  single  box  was 
found  to  be  =  1.7%  and  =  5.3%.  More  than  half 

of  this  is  accounted  for  by  experimental  variability. 
The  contribution  due  to  initial  swing  direction  was 
found  by  averaging  over  all  sensors  the  variance  of 
Pj_/V^  for  each  pair  of  swing  variability  (C^  =  .4% 
and  C]_5  =  .5%)  is  less  than  that  attributable  to 
the  test  procedure. 

Variability  between  control  boxes  for  a  single  sensor 
showed  similar  results  (C]_  =  2.8%  and  C]_5  =  3.9%). 

Total  Variability  between  flow  meter  systems  resulting 
from  both  sensor  and  control  box  variances  can  be 
concluded  to  be  Ci  =  3.2%  and  Cj5  =  5.6%,  taking  into 
account  variance  introduced  due  to  the  experimental 
procedure. 

As  a  rule  of  thumb  therefore  total  variability 
between  flow  meter  systems  may  be  assumed  to  be  5%  of 
velocity  amplitude. 


Version  1  Control  Box  Time  Constant 


There  are  two  versions  of  the  control  boxes 
currently  in  use.  Tests  reported  above  concern  'Version 
2'  control  boxes  which  are  more  commonly  in  use. 

Version  1  control  boxes  are  similar  in  concept  to  the 
Version  2  boxes.  However,  these  boxes  do  not 
incorporate  a  'fast'  filter  option  as  with  the  later 
model.  The  minimum  filter  option  is  specified  as 
1  second. 

Since  the  system  is  linear  the  gains  of  both 
the  Version  1  and  Version  2  systems  (denoted  as  and 
G2  respectively)  can  be  determined  by 


G 


1 


k  (V,/P.) 


1 


G 


2 


k  (V  /P;.) 


2 


as  described  above,  so  that 


G2  (Vi/Pi)1  /<VV2 


From  equation  25,  for  10  =  2tt/5.5,  G.,  =  0.75,  and  using 

test  means  for  V . /P .  it  is  found  that 
1  1 


Gl  =  .58  ,  i  =  1 
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.60 


l 


15 


G 


Averaging  G. ,  substituting  into  the  general  form  of 
(25) 


G  =  {1  +  (Tw) 


and  solving  for  the  time  constant  yields  T  =  1.21 
for  the  earlier  'Version  1*  control  boxes.  Accuracy 
of  T  from  the  empirical  determinations  is  ±2.3%. 

Therefore,  when  considering  output  from 
'Version  1*  control  boxes  T  =  1.21  should  be  substit¬ 
uted  for  the  constant  .77  wherever  it  occurs  in  this 
report . 
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SECTION  2 


CALIBRATION  OF  STRAIN-GAGE  PRESSURE 
TRANSDUCERS 


Abstract 


The  purpose  of  the  experiments  described  in 
this  section  was  to  calibrate  the  Coastal  Studies 
Unit's  pressure  transducers.  Tests  were  made  for 
response  time,  gain  for  hydrostatic  pressures, 
accuracy  of  the  hydrostatic  pressure  offset  facility 
(see  appendix),  and  the  variation  between  transducer- 
systems  . 

Correction  procedures  are  also  described  for 
obtaining  wave  height  and  water  surface  elevation 
obtained  from  pressure  records. 


Experimental  Setup 

To  test  response  time,  the  transducer  orifice 
was  sealed  within  a  small,  waterfilled  test  reservoir 
(figure  12).  The  reservoir  was  connected  via  a  valve 
to  two  water  filled  plastic  tubes  of  5  mm!  internal 
diameter.  The  water  levels  in  the  tubes  were  placed  at 
respective  heights  In  and  h2  relative  to  the  transducer. 

The  pressure  p  in  the  test  reservoir  in  general 
is 


P  = 


cgh 


(2.1) 


where  p  is  water  density  and  g  is  gravitational 
acceleration.  Turning  the  valve  therefore  provides  an 
instantaneous  pressure  change,  Ip  of 


pg(h1  -  h2) 


(2.2) 


Application  of  this  pressure  pulse  provided  the  basis 
for  the  response  time  test. 

Hydrostatic  pressure  gain  was  tested  by  moving 
the  long  pressure-head  tube  through  h  whilst  connected 
to  the  test  reservoir.  The  gain,  G  was  then  determined 
as  the  ratio 


G  =  H/h 


(2.3) 
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Figure  12:  Experimental  set  up.  The  transducer 
orifice  is  at  the  lower  end  of  the  housing  (at 
h  =  0)  and  contained  within  the  water-fi]led  test 
reservoir.  Water  in  the  pressure-head  tubes  is 
dyed  with  KMnC>4  -or  visualisation . 


Figure  13:  Combined  component  attenuation  with  depth. 
The  schematic  distributions  are  for  a  primary  wave 
(kh)  and  its  harmonic  (2kh).  In  each  case,  rates 
of  attenuation  correspond  to  that  of  a  free  wave 
with  the  same  kh.  Pressure  grows  linearly  from  the 
surface  down  to  z  =  0  and  then  decreases  hyper- 
bolically  downwards. 


!< 


where 


H  =  p/pg  (2.4) 


is  the  height  measured  by  the  transducer  system  in 
response  to  a  given  applied  pressure,  ogh. 

The  pressure  offset  facility  was  tested  using 
the  same  procedure. 


Results 


Response  times  were  smaller  than  that  of  the  chart 
record  pen  (Rikadenki  Model  KA-42H)  used  to  measure  it. 
Response  time  is  therefore  considered  to  be  effectively 
zero. 

Gain  was  found  to  be  constant  for  the  pressure  head  ranges 
tested  (h  =  .5,  1.0,  5  m) ,  with  an  average  coefficient 
of  variation  of  .8%  for  each  sensor  and  2.4%  between 
different  systems.  The  average  gain  was  .952. 

Frequency  Response  Function  As  explained  for  equation 
(2  3)  the  general  form  o f  the  frequency  response  function 
is 


F  (u>)  =  Ge  v 


Since  the  time  lag  <t>  was 
response  function  of  the 
expressed  as 


found  to  be  zero,  the  frequency 
transducer  system  can  be 


F(o)  =  Ge°  =  G 


Offset  Though  scaled  in  units  of  depth,  the  relation¬ 
ship  between  offset  and  real  piezometric  head  was  very 
poor,  and  highly  variable  from  one  transducer  system  to 
another. 

General  Conclusion  The  transducer  systems  have  a 
constant  gain  factor  of  .95.  In  view  of  the  zero 
response  time  this  gain  should  hold  for  all  frequencies 
in  and  lower  than  the  gravity-wave  spectrum. 

Offset  values  are  meaningless. 

No  account  was  made  in  these^tests  for  the  effects 
of  the  nonlinear  Bernoulli  term  ^p(u)2.  Nor  are  these 
effects  corrected  in  usual  analysis  procedures.  Under 
field  conditions  errors  due  to  these  effects  may  exceed 
10%  (Thornton,  1980),  though  it  would  appear  that  they 
are  less  than  20%  (Guza  and  Thornton,  1980). 
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Wave  height  from  pressure  record 

The  prime »-_•  purpose  of  the  pressure  transducer 
system  is  to  measure  wave  heights  and  water  surface 
time  series.  Output  and  control  box  settings  are 
referred  to  in  units  _  f  height,  n.  In  reality  this  is 
merely  an  electronic  sealing  of  the  constant  pg  so  that 


n  =  p/pg  (2.5) 


where  n  is  the  surface  elevation. 

However,  in  its  application  the  pressure  trans¬ 
ducer  is  deployed  at  some  fixed  point  below  the  mean 
surface  (z  =  0)  and  above  the  bed  (z  =  -h) .  Because 
of  this,  the  system  has  an  inherent  gain,  G  when  used 
as  a  wave  height  sensor,  or  a  water  surface  sensor  in 
the  presence  of  waves.  This  gain  results  from  the 
attenuation  of  excess  pressure  with  depth.  Thus  for 
a  surface  elevation  p/pg  measured  at  a  point  z/h  below 
the  surface 


p(z/h)/pg  =  nG(z/h)  (2.6) 


For  a  sine  wave  with  wave  number,  k  the  gain  may  be 
found  by 


G ( z/h ) 


cosh  k  ( z+h ) 
cosh  kh 


(2.7) 


Figure  13  shows  schematically  the  attenuation 
of  the  first  two  harmonic  components  of  a  nonlinear 
wave.  The  composite  pressure  distributions  are  shown, 
but  the  attenuation  rates  are  the  same  for  free  waves 
of  the  same  respective  kh. 

It  should  also  be  noted  that  for  eithtr  free 
waves  or  harmonic  components  of  suf ficiently  large  kh 
the  excess  pressure  will  not  be  sensible  at  the  depth 
of  the  transducer. 


Optimising  Sensor  Deployment 

Figure  14  shows  variation  of  gain  with  kh  at 
each  quarter  depth  increment.  It  is  clear  that  best 
resolution  for  waves  with  laraer  kh  is  achieved  by 
deploying  pressure  senors  as  close  to  the  mean  water 
surface  as  possible.  It  is  also  evident  that  the 
resolution  improves  faster  approaching  the  surface. 


Correction  of  water  surface  spectra 

When  the  pressure  record  is  used  to  determine 
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Figure  14:  Variation  with  kh  of  excess-pressure  gain, 
G  due  to  depth  according  to  linear  theory  (equ.  2.7) 
for  quarter  depth  increments. 


TRANSDUCER 


TEST  RESERVOIR 


Figure  15:  Field  calibration  apparatus.  The 
transducer  orifice  is  sealed  within  the  sea  water 
filled  test  reservoir.  The  plastic  hose  (5  mm  i.d.) 
enters  the  test  reservoir  to  provide  a  piezometric 
head  fixed  at  known  elevations  whilst  output  is 
recorded.  (The  water  in  the  tube  is  dyed  for  visual 
presentation) . 
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the  water-surface  spectrum,  the  spectrum  can  be 
corrected  using  equation  (2.7).  Thus  if  the  measured 
spectral  estimate  at  u  is  s  (u)  then  the  corrected 
estimate  for  the  water  surface  is 

S(u)  =  G~2 (w) S (w)  (2.8) 


where  kh  in  (2.7)  must  be  determined  from  the  local  oi 
by  usual  methods  using  linear  theory. 


Correction  of  water  surface  time  series 


This  is  not  possible  directly  for  irregular  waves. 
However,  it  can  be  achieved  indirectly  by  reconstitution 
of  the  time  series  from  the  corrected  spectrum. 


Field  determination  of  z/h 


The  accuracy  of  the  correction  procedures  depends 
upon  the  accuracy  with  which  z/h  is  determined.  In  the 
field  h  can  be  determined  by  obtaining  insitu  output 
segments  at  the  beginning  and  end  of  pressure  records 
using  a  long  (100  second)  filter  setting  on  control 
boxes.  These  are  compared  with  test  output  when  sensors 
are  removed  from  the  water. 

The  onshore  test  output  is  obtained  using  the 
calibration  apparatus  shown  in  Figure  15.  The  height 
of  the  water  in  the  tube  above  the  mounting  base 
corresponds  directly  to  the  water  depth,  h. 
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SUMMARY  An  instrument a cion  system  employing  pressure  sensitive  transducers,  bi-directional  flow  recers, 
and  a  mobile  mini-computer  and  data  logger  has  been  developed  for  high  resolution  monitoring  of  wave  and 
current  activity  in  the  nearshore  rone.  Transducers  are  used  to  measure  Incident  wave  characteristics , 
rates  of  energy  dissipation,  radiation  stress  gradients  and  low  frequency  oscillations  of  surf  zone  water 
level.  Low  threshold,  low  inertia  miniature  flow  meters  are  used  to  observe  nearshore  circulation  patterns, 
oscillatory  bed  velocities  and  swash-backwash  velocities.  A  mobile  TEKTRONIX  -*051  mini-computer  and  multi¬ 
plexing  system  enables  analogue  signals  from  up  to  16  sensors  to  be  stored  in  a  digital  form  on  magnet  1: 
tape.  On-site  processing  of  logged  data  can  be  carried  out  to  facilitate  real  time  analysis  ar.d  interactive 
experimental  control.  In  addition,  data  can  be  recorded  and  displayed  in  a  visual  form  on  multi-channel 
chart  recorders.  On  return  to  the  laboratory,  the  mini  computer  can  be  immediately  interface  to  a  large 
computer  to  provide  full  data  analysis  and  storage  facilities.  The  system  has  been  used  In  a  recent  study 
of  New  South  Wales  beaches  to  observe  inshore  wave  and  current  behaviour  and  associated  resonant  phenomena. 


1  INTRODUCTION  '  "  ‘  "  - 

In  1976  a  long-term  project  was  initiated  at  Svdney 
University  to  investigate  the  physical  processes 
responsible  for  the  characteristic  patterns  of  sed¬ 
iment  transport,  deposition  and  erosion  on  the  sou¬ 
thern  and  entral  New  South  Wales  coast  and  to 
identify  the  causal  links  between  nydrodvnamic  be¬ 
haviour  and  morphologic  response.  The  frontier 
nature  of  this  project  demanded  that  considerable 
time  be  spent  in  the  initial  phase  developing  a 
comprehensive  surf  zone  monitoring  system.  Contin¬ 
ual  refinement  of  our  early  techniques  and  instru¬ 
mentation  has  led  to  a  sophisticated  and  versatile 
system  capable  of  high  resolution  monitoring  of 
wave  and  current  activity  in  the-  surf-zone,  the 
nearshore  zone  and  on  the  inner  continental  shelf. 

Monitoring  of  inshore  and  beach  face  processes  have 
in  the  past  been  carried  out  by  ourselves  and  others 
using  fsv  sensors  (rarelv  more  chan  six)  and  record¬ 
ing  data  in  a  graphic  form  on  strip  charts.  i.Kirk, 
1971;  Soou  et  al.,  1973;  Waddell,  1973).  Several 
limitations  inherent  in  this  technique  are: 

(i)  There  is  a  low  limit  to  the  number  of  instru¬ 
ments  that  can  be  monitored  simultaneously;  few 
chart  recorders  have  more  chan  6  channels. 

(li)  The  recorded  data  are  not  in  a  form  that  can 
be  Immediately  analysed  by  a  digital  computer; 
charts  must  be  manually  digitized  before  anaivses 
can  be  carried  out. 

(iii)Becauae  of  the  necessity  to  digitize  records, 
there  is  a  low  limit  to  the  length  of  records  chat 
can  be  collected. 

To  overcome  these  problems,  we  required  a  svstem 
that  would: 

fl)  monitor  at  least  12  channels  of  input  infor¬ 
mation  simultaneous Iv. 

(in  score  large  data  sets  in  a  dltlgal  form  readv 
for  processing  bv  computer. 

(ili)faciiitace  a  limited  amount  of  on-site  analvsis 
in  order  to  achieve  a  degree  of  Interactive  experi¬ 
mental  control. 


2  INSTRUMENTATION 

2.1  Wave  Measurement 

Nearshore  and  inshore  warer  surface  oscillations  are 
measured  by  up  to  eight  pressure  transducers  ieplov- 
ed  either  singly  or  in  an  array.  The  applicability 
of  these  devices  for  the  monitor ing  of  ocean  waves 
has  been  discussed  by  manv,  especially  Williams 
(1969),  Esteva  and  Harris  >1970),  and  Ribe  and 
Russin  (197*).  They  were  chosen  In  this  instance 
for  their  ease  of  installation  in  the  surf  zone  and 
for  their  reliability  and  ruggedness.  Water  surface 
"oiercing"  detectors  such  as  parallel  resistance 
wire  gauges,  capacitance  gauges. and  step  resistance 
gauges  have  all  proved  difficult  to  install  in  the 
surf  zone  even  under  moderate  wave  energy  conditions 
In  addition,  they  are  susceptible  to  fouling  bv  sea¬ 
weed  and  to  wave  splash  which  c^n  give  rise  to 
spurious  signals,  especially  in  the  case  of  the 
resistance  tvpe  gauges.  Problems  associated  with 
wave-pressure  attenuation  due  to  depth  are  not  en¬ 
countered  in  shallow  water  9urf  zone  applications 
and  records  can  be  corrected  numerically  when 
measurements  are  required  m  deeper  water  (Esteva 
and  Harris,  1970;  Kim  and  Simons,  IQ’i). 

The  transducers  used  are  Schaevicz  Mjdel  P  7-il  with 
a  range  of  0-5  bar*  absolute,  combined  non-linearitv 
and  hysteresis  of  0.5*  full  range  output  and  a  sen¬ 
sitivity  capable  of  resolving  changes  in  water  level 
of  less  than  1  cm.  These  characteristics  together 
with  high  stability  against  drift  make  them  ideally 
suited  for  the  measurement  of  low  frequency,  verv 
low  amplitude  oscillations  e.g.,  beach  water  tabled 
as  well  as  the  high  frequency  oscillations  observed 
in  the  surf  zone. 

Each  transducer  is  housed  together  with  an  integra¬ 
ted  amplifier  in  a  water-tight  stainless  steel 
cvlLnder  measuring  25  cm  in  length  and  •*  cm  OP . 
Connection  t c  the  shore-kased  power  supply  and 
control  circuitry  Is  made  via  2  or  <*  core  cable. 
Three  proto  tvpe  transducers  received  oower  and 
transmitted  signals  over  separate  lines  and  tnere- 


for®  required  expensive  4  core  cable.  In  addition, 
the  direct  analogue  outputs  of  these  transducers 
were  susceptible  to  attenuation  due  to  line  length 
and  leakage.  The  latter  is  particularly  a  problem 
in  the  surf  zone  where  the  continual  movement  and 
flexing  of  cable  joints  can  result  in  water  pene¬ 
tration  of  even  the  most  carefully  sealed  connect¬ 
ions.  Five  later  transducers  were  fitted  with  in¬ 
tegrated  voltage  to  frequency  converters  which  mod¬ 
ulate  the  power  supply  with  a  frequency  proportion¬ 
al  to  pressure.  The  modulation  is  detected  by 
shore-based  control  circuitry  and  reconverted  to  an 
analogue  signal.  This  technique  enables  both  power 
and  return  signals  to  be  accommodated  in  2  cores 
and  renders  return  signals  insensitive  to  line  loss 
attenuation. 


2.2  Current  Measurement 

Eight  low  inertia,  bi-directional  miniature  flow 
meters  are  used  to  observe  nearshore  circulation 
patterns,  oscillatory  bed  velocities  and  swash-back- 
wash  velocities  (Fig.l).  Similar  sensors  have  been 
used  by  ochers  to  measure  rip  current  velocities 
(Sonu,  1972),  to  record  flow  velocities  in  the 
swash  zone  (Sonu  et  al. ,1974) ,  and  for  general  pur¬ 
pose  monitoring  of  surf  zone  currents  (Teleki  e_t 
al^ 1976).  The  meter  comprises  a  stainless  steel 
duct  (measuring  9  cm  in  length  and  5.5  cm  internal 
diameter)  which  houses  a  six-bladed  impellor  made  of 
light-weight  plastic,  and  suspended  on  jewel  bear¬ 
ings.  Threshold  velocity  is  approximately  5  cm/sec 
(Sonu  £t  £l . ,  1974)  and  the  meter  has  a  cosine  res¬ 
ponse  to  current  direction  (Murray,  1969),  making 
it  straightforward  to  determine  a  fluctuating  two- 
dimensional  current  field  by  using  orthogonal  meters. 
Lightweight  alloy  magnets  attached  to  the  Impellor 
activate  sensitive  reed  switches  in  the  barrel,  Che 
pulses  from  which  are  transmitted  to  shore  via  2  - 
core  cable  and  decoded  by  control  modules  to  give  a 
readout  of  current  velocity  and  direction. 

Few  problems  have  been  encountered  with  these  cur¬ 
rent  meters.  They  are  small,  rugged  and  easily 
moved  into  position  in  the  surf  zone.  Since  signals 
are  'pulsed”  there  are  no  problems  of  line  attenua¬ 
tion  or  undetected  leakage;  the  presence  of  any 
leakage  is  immediately  revealed  by  total  loss  of 
signal.  Seaweed  and  gravel  have,  however,  proved 
troublesome  on  occasions  and  it  is  sometimes  neces¬ 
sary  for  personnel  to  enter  the  surf  during  an  ex¬ 
periment  to  clear  debris  from  the  impellor.  The 
meter  will  respond  Co  wind  flows  immediately  it 
becomes  completely  exposed  to  the  air;  a  cut-off 


Figure  l  Ducted  flow  meters 


Figure  2  Instrument  mounting  with  sensors  attached 


switch  is  currently  being  built  to  return  the  sensor 
output  to  zero  as  soon  as  it  becomes  fully  exposed. 


2.3  Sensor  Deployment 

Experimentation  In  the  surf  zone,  particularly  under 
the  high  energy  conditions  normally  experienced  on 
the  New  South  Wales  coast,  presents  formidable  logi¬ 
stic  problems  which  we  have  attempted  to  overcome 
with  reasonable  success. 

Different  methods  of  mounting  and  deploying  instru¬ 
ments  received  considerable  attention  during  the 
early  stages.  The  mounting  design  which  has  proved 
most  successful  is  constructed  from  threaded  sect¬ 
ions  of  IS  inch  galvanized  pipe  which  connect  into 
a  central  concrete  base.  Instruments  are  attached 
to  the  upright  by  quick  release  clamps.  This  can  be 
done  either  before  or  after  the  mounting  is  posit¬ 
ioned  for  an  experiment,  depending  on  energy  condi¬ 
tions  and  the  depth  of  the  installation.  Pipes  one 
metre  long  extending  horizontally  from  the  center 
of  the  mount  provide  stability  even  under  heavy  surf 
The  entire  structure  is  light  and  manageable  enough 
to  be  installed  by  two  men.  Figure  2  shows  a  flow 
meter  and  pressure  transducer  attached  to  a  mounting. 

The  transmission  of  signals  by  cable  remains  a  major 
shortcoming  of  the  system.  Wave  turbulence  and 
longshore  currents  often  result  in  broken  cables. 
Lines  frequently  must  be  strung  across  a  trough  from 
high  towers.  The  use  of  telemetry  is  currently 
being  examined  as  a  possible  solution  to  this  prob¬ 
lem, 

2.4  Signal  Processing  and  Logging 

Control  circuitry  for  all  sensors  is  housed  in  a 
small  camper  van  (Fig. 3)  together  with  a  mini¬ 
computer  and  multiplexing  system  and  two  scrip  chart 
recorders.  The  control  modules  decode  flow  meter 
and  transducer  signals  and  in  addition  provide: 

(i)  variable  range  settings  from  0.1  to  5  metres 
(m/sec  In  the  case  of  the  flow  meters). 

(ii)  depth  offset  adjustment  for  the  transducers. 

(iii) variable  input  filters  with  response  periods 
between  0.1  and  100  seconds. 

Signals  are  digitized  and  logged  by  a  computer  sys¬ 
tem  comprising  a  TEKTRONIX  4051  mini-computer  and  a 
Hales  Data  Acquisition  system.  The  former  is  a  16K 
byte  machine  with  an  extended  BASIC  operating  sys¬ 
tem  residing  in  a  separate  32K  ROM.  It  has  an  in- 
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Figure  3  Interior  of  field  unit 


tegrated  keyboard  and  high  resolution  graphic  dis¬ 
play  screen  as  well  as  two  cartridge  tape  drives. 

The  Hales  Data  Acquisition  system  (DAS-1)  is  a  com¬ 
bined  A-to-D  converter,  scanner  and  multiplexer 
which  accepts  analogue  signals  from  up  to  16  chan¬ 
nels.  It  has  a  resolution  of  12  bits  binary  full 
scale  (1  part  in  4096)  and  an  overall  accuracy  of 
0.1Z.  The  time  base  is  crystal  controlled  with  an 
accuracy  of  Q.02Z  and  has  a  period  adjustable  from 
1  millisecond  to  262  seconds  in  1  millisecond  in¬ 
crements.  The  16  channels  can  be  scanned  either 
sequentially  or  simultaneously  at  a  rate  set  by  the 
time  base  and  the  data  fed  directly  to  the  computer 
via  a  standard  IEEE-488  interface  bus.  Data  is 
stored  on  magnetic  tape  cartridges  each  capable  of 
holding  30,000  observations. 

In  addition,  analogue  outputs  from  the  sensor  con¬ 
trol  modules  can  be  recorded  and  displayed  in  a 
visual  form  on  two  multi-channel  strip  chart  recor¬ 
ders.  A  segment  of  record  from  three  surf  zone 
sensors  is  shown  in  Figure  4. 

The  TEKTRONIX  4051  was  chosen,  not  only  for  its 
portability,  ease  of  programming,  and  graphics 
capabilities  but  also  because  of  its  ability  to  be 
Interfaced  with  larger  computers,  thereby  serving 
as  a  terminal  and  data  transfer  station.  This 
facility  enables  field  data  to  be  transferred  to 
the  University's  Cyber  72  for  storage  and  analysis 
lamed lately  the  mini-computer  is  returned  to  the 
laboratory. 

3  SYSTEM  APPLICATIONS 

3.1  Inshore  Applications 

In  any  given  surf  zone,  the  spectrum  of  motion  is 
made  up  of  numerous  progressive  (dissipative)  and 
standing  (reflective)  components  (Huntley  et^  al. , 
1977).  On  a  steep  reflective  beach,  oscillations 
at  incident  wave  period  are  normally  standing  near 
the  beach;  however,  with  decreasing  Inshore  slope 
and  Increasing  surf  zone  turbulent  viscosity, high 
frequency  reflection  is  suppressed  and  the  periods 
which  can  be  standing  increase  through  a  progression 
of  subharmonics  (jT;  where  J  •  2  or  4)  to  surf  beat 
period  (T  •  80  -  150  sec)  to  a  very  low  frequency 
seichlng  at  periods  (T  *  5  -  10  mine)  near  the 
natursl  compartment  period  (Vrlght  et  al . ,  In 
press,  a  4  b).  The  standing  oscillations  can  exist 
cither  as  "leaky'  modes  In  which  the  reflected 
energy  is  reradlated  beck  to  sea  (Suhayda,  1974)  or 
as  resonant  trapped  edge  weves. 


Field  studies  indicate  that  spatial  and  temporal 
variability  of  beach  profile  response,  "rhythmic" 
or  three-dimensional  beach  features  and  their  scales 
and  intensities  are  all  functions  of  the  relative 
degrees  of  inshore  resonance  versus  dissipation. 

At  the  high  frequency  end  of  the  spectrum,  cusp 
initiation  can  be  linked  to  edge  waves  oscillating 
at  incident  frequencies  on  reflective  beaches 
(Wright  et  al.,  1977).  As  turbulent  viscosity  in¬ 
creases  the  concomitant  increase  in  resonant  period 
is  accompanied  by  increasing  scale  of  morphological 
features  (e.g.,  rip  spacing  and  associated  rhythmic 
topography)  and  increasing  intensity  of  circulation 
(e.g.,  rip  velocity).  A  major  part  of  our  study 
has  been  concerned  with  investigating  the  interrel¬ 
ationships  between  various  types  of  inshore  topo¬ 
graphy  and  their  associated  scales  of  resonance 
(Wright  et_  al_. ,  in  press,  a  6  b) .  To  this  end  we 
have  focused  on  a  range  of  characteristic  beach 
types  using  experimental  configurations  similar  to 
that  shown  in  Figure  5.  Pressure  transducers  are 
used  to  obtain  data  on  both  the  input  wave  charac¬ 
teristics  and  the  water  surface  oscillations  in  the 
surf  zone.  Flow  meters  monitor  currents  in  both 
the  shore  normal  and  the  shore  parallel  direction. 
Both  types  of  sensors  can  be  arranged  to  gather 
simultaneous  information  on  the  spatial  variations 
in  surf  zone  oscillations  either  normal  to  or 
parallel  to  the  shoreline.  In  addition,  the  relat¬ 
ionship  between  water  surface  oscillations  and 
current  flows  at  particular  points  can  be  studied 
by  monitoring  flow  meters  and  a  pressure  transducer 
together  as  shown  in  Figure  2. 

Analysis  of  wave  and  current  records  is  undertaken 
on  two  scales: 

(i)  Field  software  has  been  written  for  the  TEK¬ 
TRONIX  4051  to  enable  computation  of  power  spectra 
for  up  to  1200  points  of.single  series  data.  In 
addition,  data  logging  software  provides  for  con¬ 
tinuous  graphic  display  of  running  means  for  one 
channel  of  current  data  and  periodic  display  of 
wave  data.  Current  statistics  (bi-directional  means, 
standard  deviations,  skewness,  max  and  min  velocit¬ 
ies)  can  be  computed  for  an  unlimited  number  of 
observations. 

The  ability  to  carry  out  preliminary  processing  in 
the  field  allows  for  some  degree  of  interactive  con¬ 
trol  over  experiments  by  providing  an  indication  of 
the  scale  and  intensity  of  prof'p^ses  operative  at 
the  site. 

(ii)  On  return  to  the  laboratory,  full  spectral  and 
cross-spectral  analysis  can  be  carried  out  on  multi¬ 
ple  series  using  the  Biomed  BMD02T  Time  Series  Ama- 
ly8is  Program.  Computation  of  cross-spectral  phase 
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Figure  4  Sample  time  series  of  surf-zone  pressure 
sensor  and  current  meters 
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and  coherence  relationships  for  water  surface  elev¬ 
ation  and  current  records  are  needed  co  substantiate 
the  existence  of  resonance;  in  progressive  waves 
horizontal  velocities  and  surface  elevations  are  in 
phase  whereas  in  standing  waves  surface  elevation 
lags  flow  by  *r/2  at  positions  other  than  nodes  or 
ant  Inodes . 

Figure  o  shows  results  of  spectra  obtained  from  in¬ 
struments  located  in  a  longshore  trough  bounded  on 
its  seaward  edge  by  a  well  developed  bar,  75  metres 
from  the  beach  face.  The  wave  height  spectrum  shows 
a  primary  peak  centred  at  0.093  Hz  (10.8  secs),  a 
well  developed  harmonic  peak  at  0.18  Hz  and  a  high, 
verv  sharp  infragravity  peak  near  0.02  Hz  (50  secs). 
From  the  same  position,  the  shore  normal  current 
spectrum  shows  a  dominant  peak  at  incident  wave  fre¬ 
quency  (0.094  Hz)  and  a  strong  second  peak  in  the 
region  of  0.02  -  0.025  Hz  (i.e.,  4T) .  Examination 
of  the  coherence  and  phase  relationship  for  these 
two  sensors  shows  moderate  coherence  and  a  **/2 
phase  relationship  at  the  strong  4T  subharmonic, 
thus  indicating  che  existence  of  resonance  at  this 
frequency. 

In  addition  to  the  principle  tasks  just  described, 
tha  field  based  mini-computer  has  also  proved 
useful  as  a  surveying  tool  bv: 

11)  enabling  the  storage  and  overlay  plotting  of 
beach  profile  data  and; 

'll)  plotting,  in  real  time.  Che  movement  of 
plastic  seabed  drifters  released  in  the  surf  zone, 
this  technique  Involves  Che  tracking  by  dual 
theodolites  of  snorkelers  swimming  above  the 
slightly  negatively  buoyant  sea  bed  drifters.  We 
have  found  that  it  provides  valuable  information 
on  Che  movement  of  inshore  currents  (especially 
rips) . 

3.2  Offshore  Applications 

The  portability  of  the  data  acquisition  system  has 
enabled  It  co  be  used  successfully  as  a  shipboard 
monitor  of  offshore  wave  conditions  and  bottom  curr¬ 
ents.  Preliminary  experiments  have  been  carried  out 


in  embayments  on  New  South  Uales  coast  to  scudv 
wave  Induced  bottom  current  behaviour  and  to  inves¬ 
tigate  the  possible  role  of  ocher  processes  such  as 
bay  seiching.  In  these  experiments  pairs  of  flow 
meters  were  diver  mountec  just  above  the  bottom  at 
depths  slightly  over  20  m.  and  data  was  loggec 
continuouslv  for  periods  of  up  co  6  hours  a no  over 
full  tidal  cycles.  The  onlv  limitation  cf  this 
method  of  collecting  offshore  dat3  is  that  i sposec 
by  weather  conditions  which  would  preclude  any 
experiment  at  ior.  during  periods  of  heavy  seas. 

-  CONCLUSIONS 

Field  measurement  of  waves  and  instantaneous 
currents  in  high  energy  surf  zones  is  a  logisticallv 
difficult  task  and  it  is  largely  for  this  reason 
that  diract  observation  under  real  world  circumstan¬ 
ces  nave  previously  been  limited.  Many  of  the 
problems  of  surf-zone  instrument  installation  have 
been  overcome  with  the  development  of  the  simple 
and  rapid  deployment  techniques  described.  The 
real-time  data  acqu istclon/pcccessing  system  en¬ 
ables  large  quantities  of  field  data  to  be  collected 
and  analysed  efficientlv,  with  che  minimum  amount  of 
intermediate  laboratory  processing.  Difficulties 
remain  associated  with  monitoring  3urf  zone  and 
nearshore  processes  under  breakers  greater  than  3  m 
in  height,  owing  co  stress  on  the  electrical  cables 
crossing  the  surf  zone  and  to  hazards  to  the  field 
crew  working  in  the  surf  zone.  A  telemecrv  system 
is  being  developed  co  obviate  the  need  for  trans¬ 
mission  of  sensor  signals  over  long  cables. 

Instrumentation  is  currently  being  upgraded  to  allow 
for  more  comprehensive  experimentation  on  the  inner 
shelf  processes  responsible  tor  sediment  movement 
and  modification  of  oceanographic  forces.  The  ex¬ 
panded  system  will  include  a  self  contained,  battery 
powered  S  channel  magnetic  tape  data  logger  and  sen¬ 
sor  signal  processors  housed  in  water  tight  capsul¬ 
es  which  are  attached  to  bottom  mounted  tripods  by 
divers.  Flow  meters,  pressure  transducers  and 
atner  sensors  up  to  a  total  of  8)  will  be  inter¬ 
faced  to  the  data  logger,  the  tapes  from  which  will 
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Figure  6  Sample  spectra  of  surf-zone  records 


be  compatible  with  the  existing  TEKTRONIX  computer 
system.  The  under-water  system  will  permit  contin¬ 
uous  or  blocked  samples  to  be  taken  over  periods 
tanging  from  24  hours  to  l  month,  depending  on  the 
sample  Interval. 
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